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Mechanism of Action of ADC’s
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(Approved) ADC’s in Clinical Trials

Source: Bioscience Reports, Jul 14, 2015

>40 ADC are currently tested in Clinical Trials
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Drug-Antibody Ratio (DAR) and distribution

Source: Kudirka et al, American Pharmaceutical Review, 2015

• Randomly conjugated
• Mean DAR 4
• Could interfere with target 

recognition

• DAR 0, 2, 4, 6 and 8
• Mean DAR 4

• DAR = 2
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Bioanalytical requirements

• There is no specific Regulatory Guidance for ADC assay 
development and validation

• FDA follows existing guidelines for small molecule drugs 
and monoclonal antibodies to regulate ADC

• White paper AAPS working group Bioanalysis 2013

• PK of ADC (total and conjugated) and free toxin (warhead)

• Measure anti-drug antibodies (ADA) response
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PK assays to fully characterize ADC disposition 

• Total PK (DAR ≥ 0): 
– Ligand Binding Assay
– Anti-ID antibody
– Anti-Fc antibody
– Capture with target

• Conjugated PK (DAR ≥ 1):
– Ligand Binding Assay
– Anti-warhead antibody

• Free Warhead:
– LC-MS/MS
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Influence of DAR in Total PK assay (1)

• Total PK format (DAR ≥ 0):

DAR0 DAR1 DAR2 DAR3

– Standard curve is heterogeneous mixture incl. DAR 0 
– Investigate different DAR ratios to determine effect on binding of 

capturing/detection antibody 
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Influence of DAR in Total PK assay (2)

• Total PK method (DAR ≥ 0):
– ECLIA (MSD) anti-ID capture/detection
– LLOQ 20.0 ng/mL, ULOQ 1250 ng/mL
– 6 runs P&A with drug product (DAR 2.4, 15% DAR 0)
– 3 runs with unconjugated antibody (DAR 0)

DAR 2.4
nominal (ng/mL) mean (ng/mL) CV (%) bias (%)

20.0 19.7 5.1 -1.5
50.0 52.5 7.4 5.0
250 234 5.0 -6.5

1000 895 4.1 -10.5

1250 1110 5.0 -10.9

DAR 0
nominal (ng/mL) mean (ng/mL) CV (%) bias (%)

20.0 15.1 11.3 -24.6
50.0 45.2 9.5 -9.6
250 224 7.2 -10.3

1000 941 7.1 -5.9

1250 1140 6.1 -8.5
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Influence of DAR in Total PK assay (3)

• Total PK method (DAR ≥ 0):
– Explorative assessment of DAR 2 and DAR 4 fractions

DAR 2 fraction
nominal (ng/mL) mean (ng/mL) CV (%) bias (%)

20.0 25.7 5.2 28.5

50.0 65.0 5.2 30.0

250 340 3.6 35.9

1000 1270 5.0 27.5

1250 1640 1.7 31.2

DAR 4 fraction
nominal (ng/mL) mean (ng/mL) CV (%) bias (%)

20.0 15.7 20.4 -21.5

50.0 45.3 2.6 -9.4

250 214 3.5 -14.3

1000 774 6.2 -22.6

1250 992 1.9 -20.6
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Influence of DAR in conjugated PK assay (1)

• Conjugated PK format (DAR ≥ 1):

DAR0 DAR1 DAR2 DAR3

– Standard curve is heterogeneous mixture incl. DAR 0: correct for 
unconjugated ADC

– Investigate DAR 0 interference
– Investigate different DAR ratios to determine effect on binding of 

capturing/detection antibody 
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Influence of DAR in conjugated PK assay (2)

• Conjugated PK method (DAR ≥ 1):
– ECLIA (MSD) assay with anti-warhead capture,

anti-ID detection
– P&A, 6 runs, within criteria
– LLOQ 5.06 ng/mL, ULOQ 3000 ng/mL
– DAR 0 interference was assessed in 1 run;

§ DAR 0 was spiked at 3000 ng/mL and incubated with samples spiked 
with drug product (DAR 2.4, 15% DAR 0) at LLOQ/ULOQ

DAR 0 interference
Nominal (ng/mL) Mean (ng/mL) CV (%) Bias (%)

5.06 4.64 2.9 -8.3
3000 2950 1.2 -1.5
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Influence of DAR in conjugated PK assay (3)

• Conjugated PK method (DAR ≥ 1):
– Explorative assessment of DAR 2 and DAR 4 fractions

DAR 2 fraction
nominal (ng/mL) mean (ng/mL) CV (%) bias (%)

5.06 5.08 3.6 0.3

12.0 12.2 9.7 1.7

200 210 5.1 5.2

2400 2920 2.0 21.8

3000 3650 1.6 21.6

DAR 4 fraction
nominal (ng/mL) mean (ng/mL) CV (%) bias (%)

5.06 4.35 30.9 -14.1

12.0 8.23 1.1 -31.4

200 151 6.7 -24.7

2400 1720 5.2 -28.4

3000 2120 3.1 -29.4
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Critical Reagents for LBA

• Anti-ID antibodies (Abs against CDR region of Ab)
– Time consuming process

• Anti-warhead antibodies
– Warhead is low immunogenic
– Time consuming process

• Preferably one batch of reagents
– When switching to another batch capturing/detection reagents, 

bridging with previous reagents should occur
– Increasing evidence that streptavidin plates may be considered 

critical too
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• LBA
– Conventional method for large 

proteins
– Measures intact protein in 

presence of matrix
– Discriminate between total and 

conjugated ADC
– In general more sensitive than 

LC-MS/MS

• LC-MS/MS
– Digestion of proteins needed
– Sample extraction needed
– Immunoprecipitation needed to 

discriminate between total and 
conjugated ADC

– Payload can be calculated

LBA vs LC-MS/MS for Total / Conjugated ADC

Concentration (pg/mL)
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Alternative LBA methods

• SMC™ Erenna® Immunoassay Platform 
(Singulex)

– Low dosing of ADC à sensitive platforms 
needed

– Erenna system is based on Single Molecule 
Counting technique

– Sensitivity in the low pg/mL range is feasible
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Sneak Preview of first Singulex data

Graph 1: DE = digital events 
Graph 2: EP = events photons 
Graph 3: TP = digital events times events photons

• 1000-fold more sensitive as compared to ECLIA (sensitivity ~ 10 pg/mL)
• Broader dynamic range à less samples dilutions needed (> 4 logs)
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Conclusions PK assay challenges

• Well characterized heterogeneous reference material available (mean 
DAR ratio / % unconjugated Ab)

• Preferable availability of purified homogenous reference standards 
(e.g. DAR2 and DAR4) à nice to have or must have??

• Correct for % unconjugated ADC of reference standard in conjugated 
PK assay

• Availability of anti-ID and anti-warhead antibodies

• Low sensitivity LBA methods needed
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Anti-drug antibodies (ADA) challenges

• Although most ADC’s consist of humanized antibodies, ADA 
responses against ADA should be measured (neoepitopes)

• Evaluation of ADA response is important to understand PK, safety and 
efficacy

• Positive control should preferably consist of anti-Ab, anti-linker and 
anti-warhead antibodies

• Positive control: MoAb or PoAb?
– MoAb: high affinity, easy to maintain (no batch-to-batch variation), high ‘sensitive’ 

assay/ high ‘drug tolerant’ assay
– PoAb: representative for clinical immune response, batch-to-batch variation
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Sensitivity of Anti-Drug Antibodies (ADA)

1

10

100

1000

10000

100000

1000000

110100100010000

EC
L

Concentration ADA (ng/mL)

pos ctrl rabbit PoAb (LOD 9.77 ng/mL)

anti-ID 1 MoAb (LOD 4.88 ng/mL)

anti-ID 2 MoAb (LOD 39.1 ng/mL)

anti-warhead MoAb (LOD <2.44 ng/mL)

SCP

According to FDA a sensitivity of 100 ng/mL is required
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Conclusions

• Complex structure/heterogeneity of ADC
– Several PK methods are needed
– LBA and LC-MS/MS
– Challenges with regard to DAR must be taken into account
– Sensitive LBA methods are needed

§ Consider alternative platforms next to ELISA and ECLIA
– Characterize antibody response by using the right positive 

control(s)
§ Cover all aspects of immunoreactivity (Ab, Linker, etc)

à sufficient lead time and effort must be factored into meeting 
project milestones
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